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1ABSTRACT
Wepresentnew10.8and18.2 µmimagesofHR4796A,ayoungA0Vstarthatwas
recentlydiscoveredtohaveaspectacular,nearlyedge- on,circumstellardiskprominentat
∼20 µm(Jayawardhanaetal.1998;Koerneretal.1998).Thesene wimages,obtained
withOSCIRatKeckII,showthatthedisk’ssizeat 10 µmiscomparabletoitssizeat
18 µm.Therefore,the18 µm-emittingdustmayalsoemitsome,orall,ofthe10 µm
radiation.Usingthesemulti-wavelengthimages,wedeter minea“characteristic”diameter
of2-3 µmforthemid-infrared −emittingdustparticlesiftheyaresphericalandcompose d
ofastronomicalsilicates.Particlesthissmallare expectedtobeblownoutofthesystem
byradiationpressureinafewhundredyears,andtherefo retheseparticlesareunlikelyto
bepromordial.Rather,asinferredinacompanionpaper(W yattetal.2000),theyare
probablyproductsofcollisionsthatdominateboththecrea tionanddestructionofdustin
theHR4796Adisk.Dynamicalmodelingofthedisk(Wyattet al.2000)indicatesthat
thedisksurfacedensityisrelativelysharplypeakednear 70AU,whichagreeswiththe
meanannularradiusdeducedbySchneideretal.(1999)fromthei rNICMOSimages.
Interiorto70AU,themodeldensitydropssteeplybyaf actoroftwobetween70and60
AU,fallingtozeroby45AU,whichcorrespondstotheedgeof thepreviously
discoveredcentralhole;inthecontextofthedynami calmodels,this“soft”edgeforthe
centralholeresultsfromthefactthatthedustparti cleorbitsarenon-circular.Theoptical
depthofmid-infrared −emittingdustintheholeis ∼3%oftheopticaldepthinthedisk,
andtheholeisthereforerelativelyveryempty.Wepr esentevidence( ∼1 .8σ significance)
forabrightnessasymmetrythatmayresultfromthe presenceoftheholeandthe
gravitationalperturbationofthediskparticleorbitsbyt helow-massstellarcompanionor
aplanet.This“pericenterglow,”whichmuststillbe confirmed,resultsfromaverysmall
(afewAU)shiftofthedisk’scenterofsymmetryrel ativetothecentralstarHR4796A;
onesideoftheinnerboundaryoftheannulusisshiftedto wardsHR4796A,thereby
becomingwarmerandmoreinfrared-emitting.Thepossibledet ectionofpericenterglow
impliesthatthedetectionofevencomplexdynamical effectsofplanetsondisksiswithin
reach.
21.  INTRODUCTION
Planetsformindustycircumstellardisks,andsothee xplorationofcircumstellar
diskscontributesfundamentallytoabroaderunderstandi ngoftheoriginandevolutionof
ourownandotherplanetarysystems.Vega-typedisks,o ftencalleddebrisdisks,arethose
thatsurroundmainsequencestars(seethereviewbyBackm an&Paresce1993).Unlike
thediskssurroundingpre-main-sequencestars,thedustmasse sofdebrisdisksare
generallymuchsmallerthan0.01M

,whichisroughlytheminimummassrequiredfor
theformationofaplanetarysystemlikeourown(see ,e.g.,Beckwith&Sargent1993;
Strometal.1993).Thelowermassofdebrisdisksconfor mswiththeexpectationthat
disksdispersewithtimeasthematerialaccreteson tothestars,formsplanets,and/oris
blownoutofthesystems(e.g.,Strometal.1993).Thee lucidationoftheseevolutionary
processesisakeychallengeofobservationalastronomy.
High-angular-resolution,multi-wavelengthimagingofcir cumstellardiskscan
provideuniqueinsightintotheseprocesses,sinceadisk’sde tailedstructureshouldbear
tracesofitshistoryandofanydevelopingormatureplane ts.Untilrecently,thedisk
surroundingtheA5star βPictoris(Smith&Terrile1984;Telescoetal.1988;Lagage &
Pantin1994;Kalas&Jewitt1995)wastheonlydebrisdisktha twasspatiallywell-
resolvedatopticalorinfraredwavelengths.However,ma nynewresultshaveemerged
overthepastfewyearsincluding:possibleopticalimaging ofadiskaroundthebinary
starBD+31 °643(Kalas&Jewitt1997);submillimeterimagingofimpressive structurein
severaldebrisdisks,includingtheclassarchetypeVega( Hollandetal.1998;Greaveset
al.1998);and ∼20 µmimagingofthenearlyedge-ondiskaroundtheA0VstarHR
4796A(Jayawardhanaetal.1998[J98];Koerneretal.1998[K98]), resultsthatwere
recentlycomplementedwithNICMOSimagesrevealingwhat appearstobeasharply
definedring(Schneideretal.1999).
Herewepresentnew10.8and18.2 µmimages,obtainedattheKeckIItelescope,of
theHR4796Adebrisdisk.Jura(1991)firstdrewattentiontoH R4796,pointingoutthat
itsinfraredspectralenergydistributionresemblestha tof βPicbutwithtwicetheIR
excess(L IR/L*).TheIRASdatashowednodiscernableemissionfromdust hotterthan
∼110K,implyingthatthereislittledustclosertothe starthan40AU(Juraetal.1993).
Theexistenceofoneormoreplanetswassuggestedasone ofthepossiblecausesofthis
centralholeinthedustdistribution(Juraetal.1995;Jura etal.1998).J98andK98
determinedthatthedisk’sdiameteris ∼3”,whichcorrespondsto200AUatthestar’s
distanceof67pc,andtheyconfirmeddirectlytheexistence ofthecentralhole.An
especiallysignificantaspectofthediscoveryisthat ,basedonisochronefittingandthe
stronglithiumabsorptionline,thepresumablycoevalcompa nionHR4796B,located7.7”
awayatPA=226 ° (Juraetal.1993),isanM2-M3pre-mainsequencestarwith anage
tightlyconstrainedtobe(8 ±3) × 10 6yr(Staufferetal.1995;Juraetal.1998).
Observationalandtheoreticalstudiesofoursolarsystem, includingchronologicaldata
formeteorites,suggestthat ∼107 yrisareasonableestimateofthetimescalefort he
durationofthesolarnebulaandthegrowthoftheplanets tonearlytheirfinalmasses(see
reviewsbyLissauer1993andPodosek&Cassen1994).Thus,theco nstraintsontheage
ofHR4796Aplaceitwithinacriticalstageofplanetary diskevolution.
3Ournewimagesclarifythestructureofthecentralcl earingzone,orhole,whichmay
beindirectevidenceforaplanetorbitingHR4796A(see,e.g. ,Roquesetal.1994).They
mayalsorevealanasymmetryinthedisk,possiblyconf irmedbytheNICMOSimages
(Schneideretal.1999),thatcouldreflecttheinfluenceof thestellarcompanionora
hypotheticalplanet.Finally,thesemulti-wavelengthdat aprovideareasonablebasisfor
estimatingacharacteristicsizeforthemid-infrared −emittingdustparticles,anestimate
withimplicationsforourunderstandingofthediskevol ution.Ourresultsanddiscussion
complementthoseinacompanionpaperbyWyattetal.(2000, hereafterW2000).
2.MID-INFRAREDIMAGINGWITHOSCIRATKECKII
WeimagedHR4796AintheN(10.8 µm)andIHW18(18.2 µm)bandsattheKeckII
Telescopein1998May7-12withOSCIR,theUniversityofFlo ridamid-infrared
imager/spectrometer.OSCIRcontainsa128 × 128-pixel,Si:AsBlockedImpurityBand
(BIB)arraydevelopedbyBoeing.Theplatescalewas0.062ar csec/pixelwiththef/40
choppingsecondaryattheKeckIIvisitorbent-cassegrai nport,whichgaveanarrayfield
ofviewof7.9” × 7.9”.Weusedaguidestarandtheoff-axisautoguider,which ensured
excellenttrackingandimagestability,andthestandardc hop/nodtechnique,withachop
frequencyof4Hzandathrowof8”indeclination.Thes tars αSco, γ Aql,and δVir
wereusedforfluxcalibration.Theseeingwasgenerally verygoodforourobservations.
Typicalvaluesofthefullwidthathalf-maximuminten sity(FWHM)oftheobserved
pointspreadfunctions(PSFs)were0.32”at10.8 µmand0.45”at18.2 µm,comparedto
thediffraction-limitedvalues( λ/D)of0.22”and0.37”,respectively.Quadratic
subtractionoftheseimplies10-20 µm“seeing”of ∼0 .2”-0.3”(whichmayincludeother
contributions,e.g.,fromautoguiderjitter).Thediffracti onlimitsat10and18 µm
correspondtofourandsixpixels,respectively,andthus OSCIRspatiallysamplesthe
diffraction-limitedPSFmorefinelythanconventional Nyquistsampling.Weencountered
lightcirrusthroughoutmuchofourKeckrun.Bycomparingo bservationswithinand
amongthenights,webelievethatwehavebeenablegen erallytoremovethedatafor
whichthephotometryismostuncertain.However,becaus eofthecirrus,some
unquantifiableuncertaintyremainsinthephotometry.Key propertiesoftheobservations,
includingfluxdensitiesandnoiseestimates,arelistedi nTable1.Theimagesare
presentedascontourplotsinFigures1aand1b.Figure1cshow stheunsmoothed18.2
µmimage,whichindicatesthequalityoftheoriginaldata.
3.DISKMORPHOLOGYINTHETHERMALINFRARED
ThediscoveryimagesclearlyshowedthediskaroundHR4796A tobeextendedat
18 µm,butbothteamsonlymarginallyresolveditat10 µm(J98;K98).Figure1
demonstratesthattheemissionridgecorrespondingtothe edge-ondiskiswellresolvedat
both10and18 µminthesenewimages.Forcomparison,thePSFsdetermi nedfrom
nearbystarsarepresentedinFigure2onbothlogarithmica ndlinearbrightnessscales.At
10 µm,thediskisevidentasverylow-levelwingsprotrudingfr omthestrongstellar
pointsource(which,forconvenientdisplay,istheref oreplottedlogarithmicallyinFigure
41a).Theridgeismuchmoreprominentat18 µm(plottedlinearlyinFigure1b).Theline
connectingthetwoouterpeaksisorientedalongPA=26 °  ±2 ° ,andthemaximumextent
ofthelowest18 µmcontourdisplayedinFigure1isabout3.1”,or208AU.The
maximumextentat10 µmisabout2.8”,or85 −90%thatofthe18 µmemission,andthus
the10 µmand18 µmsourcesareroughlyequalinsizealongtheridge.Wealso resolved
the18 µmdiskalongtheminoraxis,asindicatedbythescansth roughthelobesanda
comparisonstarshowninFigure3.
Threepeaksofcomparablebrightnessareembeddedinthe18 µmridge.Eachofthe
twoouter18 µmpeaks,whichwerefertoasthelobes,isseparatedfr omthecentralpeak
by0.8”(54AU).Thebrightestregionwithinthecentral18 µmcontourisindicatedin
Figure1bbyafilledcircle.Thatpointisslightlyoff setfromthecentroidofthehighest
centralcontour;itliesonthelineconnectingthetw olobesandhalfwaybetweenthem.
ByimagingsequentiallyatthetwowavelengthswiththeK eckIIvisitor-portautoguider
inoperation,whichfacilitatedaccurateregistration,w edeterminedthatthecentral18 µm
peakcoincideswiththe10 µmpeaktowithin0.3”.Asdescribedbelow,mostofthe
10 µmemissionisdirectstarlight,andthereforetheco incidencebetweenthecentral10
and18 µmpeaksimpliesthatthecentral18 µmpeakalsocoincideswiththestar,which
wethereforeassumeiscoincidentwiththefilledci rcleinFigure1b.Inthe10 µmcontour
plotinFigure1aweindicate(crosses)thelocationo fthepeaksofthe18 µmlobes.The
18 µmlobesclearlycoincidewiththe10 µmwings,andthereforemuch,possiblymost,
ofthe10 µm-emittingdustmustbemixedwith,oridenticalto,the18 µm-emittingdust.
The18 µmbrightnessatthelobesiscomparabletothatatth estar,whereastheir10 µm
brightnessisonly4 −5%thatatthestar.Thediskmorphologythatwesee at18 µmis
consistentwiththatseenbyK98intheirKeckimages.K 98didnotresolvethediskat
10 µm.
Themid-infraredradiationfromHR4796Aoriginatesbothin thestellarphotosphere
andindustthatisheatedbythestarlight.Thestella rphotosphericfluxdensitiesat10and
18 µmareabout80%and5%,respectively,ofthetotalobserv edfluxdensities.Although
the18 µmstellarfluxisasmallfractionofthetotal,it contributesalargefractionofthe
emissionofthecentralpeakitself.Todeterminetheco ntributionofthestellar
photospheretotheimage,wesubtractedthestellarPSFf romtheimageofHR4796A
afterregisteringthepeaksandnormalizingthecomparison star’sfluxtothatinferredfor
HR4796A(Table1).ThePSFstarwaslocatednearHR4796Aand observedjustbefore
andjustafterit.DuetothehexagonalshapeoftheKeckpri maryandsecondarymirrors,
thePSFishexagonallyshaped,sothat,forthemostac curatepoint-sourcesubtractionor
deconvolution,onecannotassumecircularsymmetryoft hePSF.Duringthe18 µm
observationsofHR4796A,thePSFrotatedabout23 ° relativetotheimagerfieldofview
(arotationinherentinthealt-azmount).Fromtheob servedPSFsweconstructedatime-
averagedPSFappropriatetotherotationalrangeofthePSF duringourobservationsof
HR4796A.
Theslightlysmoothed(threepixels)originalandstar -subtracted18 µmimagesare
showninFigures4aand4b,respectively.Thestarwasas sumedtobecoincidentwiththe
brightestpart(filledcircle,Fig.1b)ofthecentral maximum.Subtractionofthestellar
fluxremovesthecentralpeak,leavingaholeatthatp osition.Becauseoftheapparent
5absenceinHR4796ofsignificantdusthotterthanabout110K, Juraetal.(1995)
concludedthatthediskhasaroughly40AU-radiuscentralho leinit.Thisconclusion
wassubsequentlyconfirmedbythefirstdirectimagesof thediskat ∼20 µm(J98;K98)
and,morerecently,byNICMOSimagesat1-2 µm(Schneideretal.1999;seebelow).
Weseetheholedirectlyinour18 µmimage(Figures1b&4a)asadepressionbetween
thecentralpeakandeachofthetwolobes;itisobvi ousintheimagewiththestarlight
subtracted(Figure4b).Sometenuousemissionmayalsobe presentintheinnerregion,
i.e.,theregionwithin ∼0.5”ofthestar.Theappearanceofthisresidualemissio ndepends
onhowwecharacterizeandpositionthesubtractedstel larPSF.IntheAppendixwe
addressbrieflysomeaspectsofhowthecomputedresiduali seffectedbyslighterrorsin
thepositionandwidthofthePSFusedtosubtractHR4796A’s starlight.
Wealsosubtractedthestellarphotospheric10 µmfluxfromthe10 µmimage.The
centralholeisevidentinthatsubtractedimage,butth ediskissomuchfainterthanthe
starthatthesubtractionprocedureisveryuncertain. Therefore,wedonothave
confidenceintheaccuracyofthisresultinsofaras itbearsonthestructureoftheinner
partoftheemittingregion.However,those10 µmresultsareusefulinthecontextof
estimatingthecharacteristicsizeofthemid-infrared −emittingparticles(§6).
Thereissomeevidencethatthelobesarenotofequal maximumbrightness:theNE
lobeis5.9 ±3.2%brighterthantheSWlobe,wherethisasymmetryc orrespondstothe
differenceinthelobepeakbrightnessesdividedbytheir mean.Thisvalueforthe
asymmetryincludesa0.8%correctionforanasymmetryint hePSF.Theformal
statisticalsignificanceofthebrightnessasymmetryo fthelobesistherefore1.8 σ. The
brightnessasymmetryitselfwasdeterminedbyfittingapo lynomialtoa
10-pixel × 10-pixel(0.6” × 0.6”)regionapproximatelycenteredoneachpeak.The
uncertaintyassociatedwiththisasymmetrywasestablish edbyconvolvingthebest-fit
model(§4)withagaussianapproximationtothePSF,applyingga ussiannoiselikethat
observedacrossthearray,andfittingthepolynomiala smentionedabove.Afterrepeating
thisprocedure50,000times,wecomputedthermsdeviation,which constitutedthe
formaluncertainty.Thisasymmetrymayalsobeapparent inthe10 µmimage
(particularlyinthescanshowninFigure8b,discussedbe low)andintheNICMOSimage
(Schneideretal.1999).Theasymmetryisdiscussedinamuc hbroadercontextinthe
companionpaperbyW2000.Webrieflycommentonitbelow.
4.MODELINGTHEBRIGHTNESSDISTRIBUTION
J98andK98modeledtheir ∼20 µmimagesofHR4796Atoinferstructuralproperties
ofthedisk.Bothmodelsassumedopticallythin,passived isksinwhichthedustparticles
haveaninfraredemissionefficiencyvaryingwithwavele ngthas λ-1.J98foundthatan
edge-ondustydiskwithaninnerholeradiussomewhereint herange40 − 80AU
providesanadequatefittothespectralenergydistribution andtheimage.Thehigher
resolutionKeckimageobtainedbyK98moretightlyconstra instheirthin-diskmodel,
fromwhichtheyinferaninnerholeradiusof55 ±15AUandadiskinclinationof18 °
(+9° ,-6° )fromedgeon.
6Inthecompanionpaper,W2000presentresultsofmodelingthe18 µmbrightness
distributionofHR4796A.Sinceitisrelevanttooures timateofthegrainsizeandtothe
comparisonofourresultstotheHSTNICMOSobservations ,wesummarizethemodel
here.W2000considerthedynamicalinteractionofacirc umstellardiskandastellaror
planetarycompanion,astudyinitiallymotivatedbythede siretounderstandhowsuch
interactionsgenerateasymmetriesandotherstructures incircumstellardisks.A
distributionoforbitingdustparticlesisgravitationally perturbedbyacompanion,and
W2000examinetheresultantorbitalanddensitydistributions fordustgrainsofagiven
sizeandcomposition.W2000ignoretheeffectsofradiati onpressure,assuming,ineffect,
thatlarge,dynamicallystabledustgrains,with β≈ 0,orbitHR4796A; βistheratioofthe
radiationpressureforcetothegravitationalforceon aparticle(called δ,theoverpressure
ratio,byBackman&Paresce1993).However,atleastin thecontextofMietheory,we
knowthattheselargeparticlesarenottheonesthat weobserveinthemid-infrared.As
discussedin§6,themid-infrared −emittingparticles,ifMiespheresofastronomical
silicates(Draine&Lee1984),are ∼2-3 µmindiameter,withthecorrespondingvalue β ≈
2.Radiationpressurewilldriveparticleswithsuchahigh valueof βoutofthesystemon
hyperbolicorbitsinafewhundredyears.Basedonthisne gligiblelifetimeandon
estimatesoftheparticlenumberdensityandcollision ratesinthedisk,W2000(§6)
concludethatthesegrainsmustbecollisionfragments ofmuchlargerparticles.The
spatialdistributionoflargerparticlesintheHR4796Adi skisunknown,so,asan
alternative,W2000assumethatlargerparticlesaredistr ibutedessentiallylikethatofthe
smaller,2-3 µm-size,Miegrainsemittingtheobservedmid-infraredrad iation.By
accountingforthetemperaturedependenceofthedustasaf unctionofdistancefromthe
star,theydeterminethespatialdistributionofthemi d-infrared-emittinggrainsfromour
18 µmimage.
Themodeldiskisnotflat,butflared,withadistribut ionoforbitalproperinclinations
andpropereccentricitiesidenticaltothoseofthemai n-beltasteroidsinourownsolar
system.Thedistributionofsemi-majoraxesforthe particlesisassumedtofollowthe
relationn(a) ∝a γ ,wheren(a)isthenumberoforbitsperunitsemi-major axis.For
particleorbitsthatarecircular,whichisapproximately trueforthemodelorbits,the
surfacenumberdensityasafunctionofdistancerfromt hestaristhereforeproportional
tor γ -1.Thelargestvalue,a max,usedforthesemi-majoraxisofthedustorbitsis130AU,
althoughtheresultsofthemodelingarenotsensitiveto thisvalue,sincerelativelylittle
fluxarisesneartheouteredgeofthedisk.Keymodelpar ametersthatarevariedtomatch
theobservationsare:(1)theexponent γ ;(2)theminimumvalue,a min,ofthedustsemi-
majoraxis,whichcontrolsthediameterofthecentra lclearing;(3)thenormalizationof
thedensitydistribution;and(4)theinclinationofthed isksymmetryplanetothelineof
sight.Inaddition,observedasymmetriesinthebrightne ssdistributionaremodeledby
adjustingthecommonforcedeccentricityandthedirec tionoftheforcedpericenterofthe
diskparticleorbits.
Figure4cshowsthemodelbrightnessdistributionat18 µmthatisthebestfittothe
star-subtractedimageinFigure4b.Theresidual(observed minusmodel)isshownin
Figure4d.Themodelfitsthelobeswell,withnearlyal loftheresidualfluxlocated
within0.4”ofthestar.Wearenotcertainofthenat ureoftheresidualflux.Someofit
7mayrepresentrealfluxfromHR4796A’sinnerdisk,butsom eofitmayresultfrom
imperfectsubtractionofthestellarphotosphericflux stemmingfromvariationsinthe
seeingnotmanifestedinthePSF-starimages(whichwere ofshorterduration).We
brieflyaddressthisissueintheAppendix.
Themodeldiskinclinationis13 °  ±1 ° fromedge-on.Aflatdiskwouldbemodeledas
moreface-onthanthis,sincethediskflaringthatwe assumeinthemodelaccountsfor
someoftheresolveddiskextensionthatweseealong theminoraxis(Figure3).Forthe
distributionofsemi-majoraxes, γ =-2 ±1.Theresultantmodeldistributionofsurface
numberdensity(i.e.,integratednormaltothedisk)of2. 5 µmgrainsisshowninFigure5
intheformofaradialcutthroughtheazimuthallyaver ageddisk(solidcurve).The
surfacedensityisrelativelysharplypeakednear70AU. Exteriortothisposition,the
surfacedensitydecreaseswithdistanceapproximatelyas r-3.Interiortothisposition,the
surfacedensitydropssteeplybyafactoroftwobetween70 and60AU,fallingtozeroby
45AU.Themodelfitimpliesa min=62 ±2AU,butbecausethedustparticleorbitsare
assumedtobenon-circular,theholeisnotsharplyde finedinthemodels;i.e.,theorbital
eccentricityresultsinasmallrangeinaparticle’ sradiallocation,whichsoftensthe
hole’sedge.Flat-diskmodelsbasedonthedisk-discoveryi magesindicatecomparable
valuesfortheholeradius  (J98;K98),butthedynamicalmodelsconsideredhereprovide
an apriori basisforunderstandingwhyaholeshouldhaveanindisti nct,orsoft,edge.
Howemptyistheholeinthedisk?Wecanestimatet heopticaldepthintheholeby
comparingthebrightnessoftheresidualemissionthere (assumedtorepresentanupper
limittoemissionfromdust)totheobservedbrightness ofthelobes.Considerfirstthe
opticaldepthinthedisklobes.TheSWlobeis54AUin projectionfromthestar.The
modeltemperaturethereis113K(comparedtotheblackbody temperatureof81K)and,
ignoringprojectioneffects,thecorrespondingedge-onop ticaldepthat18 µmis ∼0 .002.
Theresidualemission(observedminusmodel;Fig.4d)at20A U(0.3”)fromthestaris
typically0.2thatofthelobes.Themodeltemperatureat 20AUis163K,andthusthe
18 µmedge-onopticaldepththereis ∼5 × 10 -5,whichisabout3%thatofthelobes.
Assumingthattheratiooftheface-onopticaldepthto theedge-onopticaldepthinthe
holeiscomparabletothatratioatthelobes,thent heaverageopticaldepthof18 µm-
emittingdustintheholeappearstobeabout3%thatinth emainpartofthediskat60-
100AUfromthestar.Ifanyoftheresidualemissionres ultsfrompoorPSFsubtraction
andisnotintrinsictothesource,theopticaldepthof thedustintheholecouldbeeven
lessthanthis.Thecentralclearedregionappearstob erelativelyveryempty.
Therehasbeenspeculationaboutthecausesofholesi nthecentersofcircumstellar
disks(Lagage&Pantin1994;Juraetal.1998;Strom,Edwards,& Skrutskie1993;
Roquesetal.1994;J98;K98),andthediskinHR4796Aislikely tobecomeastrong
focusforthesediscussions(e.g.,Juraetal.1995;W2000).We onlywishtoemphasize
herethatthepossiblediskbrightnessasymmetryisan interestingandperhapsunexpected
manifestationofthecentralhole.Thebrightnessas ymmetryinthemodelresultsfromthe
gravitationalperturbationofthediskparticleorbitsbyt helow-masscompanionHR
4796Bevenifthecompanion’sorbitisonlymoderatelyeccen tric(W2000).Tofirst
order,theeffectoftheperturbationistoshiftthec enterofsymmetryofthecirculardisk
fromHR4796Atowardsthecompanion’sapocenter,wherethe companionspendsmost
8ofitstime;i.e.,thelong-termaverageofthepertur bationonthediskparticlesisdirected
towardsthecompanion’sapocenter.Thesideofthedisk,a ndthereforetheholeedge,that
isclosesttothecompanion’spericenterisshiftedclose rtotheprimarystarandis
thereforewarmer(“pericenterglow”).Thepericentergl owisadirectresultoftherebeing
aholeinthedisk.Ifthismodelisvalidandthesepertur bationsdoarisefromHR4796B,
thenHR4796B’spericentermustbelocatedNEofHR4796A,and HR4796Bis
currentlylocatednearitsapocenterSWofHR4796A.Thes caleoftheshiftofthedisk’s
centerofsymmetryisindicatedbycomparingthedashedan ddottedcurvesinFigure5,
whichshowsthedensitydistributionthroughthedisktowa rdsandawayfromthestellar
companion’spericenter.ThediskisshiftedonlyafewAU, which,whilesmall,leadsto
anarguablymeasurablebrightnessasymmetry.Theperturber responsiblefortheshiftof
thediskneednotbeexteriortothedisk.Astarorplanet withintheholecouldcausethe
sameeffect(W2000);however,basedonnear-infraredspeckl eobservations(Juraetal.
1995),themassofanystellarcompanionlocatedbetween11a nd120AUfrom
HR4796Amustbelessthan0.13M
 
.Thefactthatwemaybedetectingabrightness
asymmetryresultingfromafew-AUshiftinthediskcent roidimpliesthatthedetectionof
significantdynamicaleffectsoncircumstellardisks bystellarorplanetarycompanionsis
nowwithinreach.TheHST/NICMOSimagespresentedbySchn eideretal.(1999)may
confirmthispericenterglow(§5).
5.COMPARISONOFMID-INFRAREDANDHST/NICMOSIMAGES
Schneideretal.(1999)haveimagedtheHR4796Adiskat1.1and1. 6 µmwith
NICMOS.Theyuseda0.6”-diametercoronographicspot,but, duetoavarietyof
instrumentaleffects,thedataina ∼1.3”-diameterregionareunusable.Theirimagesshow
clearlywhatappearstobearelativelynarrowringincl inedtothelineofsight.Assuming
thattheringisintrinsicallycircular,theydetermine amajor-axispositionangleof26.8 °  ±
0.6° andaninclinationtothelineofsightof73.1 °  ±1.2 ° ,inagreementwithour
estimates(W2000;§§3&4)andK98’s.Themeanradiusofthe ringis70AU,and,after
quadraticsubtractionofthePSF,thefullwidthofthe annulusisestimatedtobe17AU
(Schneideretal.1999).Therelativelysharpmaximuminth edensitynear70AU
determinedfromourmodelingoftheOSCIRobservationsagree spreciselywiththevalue
derivedbySchneideretal.(1999)forthemeanradiusofthe ringbasedontheNICMOS
observations.Wenowconsideramoredetailedcomparison .
InFigure6weshowour10and18 µmcontoursoverlaidonthe1.1 µmNICMOS
image.Keepinginmindthedifferencesintheresolutions oftheimages(FWHM:0.12”at
1.1 µm;0.32”at10.8 µm;0.45”at18.2 µm),weseethattheoverallcoincidenceofthe
mid-infraredandnear-infraredemissionisexcellent.Howe ver,the18 µmlobesare
locatednoticeablyclosertothestarthanarethebr ight1.1 µmpeaks.Thepeaksofthe
18 µmlobesareseparatedby1.73”,comparedto2.10”forthepeak-i ntensitypositionsat
1.1 µm(Schneideretal.1999).Toassessthenatureofthisoff set,weconsidereda
perfectlythinring(annulus)ofdustwithuniformnumberdensi tyandthetemperature
distributionderivedintheW2000models.Weassumedamean annularradiusof70AU
andanannularwidthof17AUandcomputedthe18.2 µmbrightnessateachpointinthe
9ring,whichweconvolvedwiththeobserved18.2 µmPSF.InFigure7wecomparethe
brightnessdistributionalongthemajoraxisexpectedf orthisconvolvedmodeltothe
observedbrightnessdistribution.
Thiscomparisonimpliesthat ∼60%ofthe0.37”differenceintheseparationofthe
peaksat1.1and18.2 µmresultsfromthelowerresolutionofthe18 µmimage.Figure7
indicatesthattheuniform-annulusmodelresultsinan18 µmdistributionwithlobes
displacedtolargerradiiandappearingsomewhatnarrowert hanactuallyobserved.The
discrepancyinslopeisprimarilyontheinsidesofthe lobes.Theobservedouterslopeof
theNElobeiswellmatchedbythemodel,whilethemat choftheSWlobeisnoticeably
poorer.Wedonotthinkthatthesedifferencesbetweenthe NICMOS-basedmodeland
the18 µmobservationsresultfrominaccuratesubtractionofthe stellarPSFfromthe
18 µmimage.Figure7givessomeindicationofthesmalldepe ndenceoftheshape
inferredfortheinsideofthedisklobesontheassumed shapeofthePSF;weshowthe
fluxdistributionsresultingfromuseofthenominal,o bservedPSF(solidcurve)andthe
samePSFwithanadditional0.35”ofseeing(dashedline;se eAppendix).Rather,the
differenceintheobservationsandthebrightnessexpect edfromthemodelmayresult
fromtheannulushavingasomewhatsoftinneredge.Primar ilybecauseofthelower
resolutionofthe18 µmobservations,amoregradualdensityfalloffontheins ideofthe
annuluswillbothshifttheobservedpeaksinwardandlower theinnerslopeofthelobes.
Theexcellentagreementinthelocationofthepeakdensi tyinthedisk,asdetermined
frommodelsoftheOSCIRimages,andtheaverageradius oftheannulusdetermined
frommodelsoftheHST/NICMOSimages,suggeststhatiti sthisinnerdensityrolloff,or
asimilarrefinementsuchasexcessemissionintheh ole,thataccountsfortherelative
locationsoftheobservedemissionpeaksinthetwodat asets.Aslowerdensityfalloffon
the outsideoftheannuluswouldelevatethe18 µmwings,althoughweseethisonlyon
theSWsideofthedisk.AsshownbyW2000anddiscussedin theprevioussection,one
mayaccountforasoftdensityfalloffontheinsideo ftheannulusbythekindsof
dynamicalpropertiesanticipated(andassumedintheW2000mo dels)fortheorbiting
dustparticles.
Figure6showsthatat1.1 µmtheNEsideoftheannulusisnoticeablybrighterthan
theSWside.Thisasymmetryisnotevidentinthe1.6 µmNICMOSimage.This
asymmetrymaysupportour,albeitmarginal,detectionoft hepericenterglowat18 µm.
However,oneisseeingemissionfromdustparticlesat 18 µm,butscatteringfromdust
(andprobablyadifferentpopulation)at1-2 µm.Wespeculatethatthemassshiftthat
mayresultintheenhancedlobebrightnessat18 µmcouldalsoenhancethescatteringof
lightthere.Detailedmodelsthatincorporaterealisti cscatteringfunctionsmustbecarried
outtoexplorethisinterestingpossibility.
6.  THEMID-INFRARED −EMITTINGDUST
6.1TheCharacteristicParticleSize
Circumstellardustspansarangeofcompositionsandsizes. However,foragiven
composition,onecanderivefromobservationsattwowav elengthsauniqueparticlesize
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thatisarguablycharacteristicofthedustresponsiblef orthatemission.Thebasisforthis
estimateisthattheemissionefficiency,andtheref orethetemperature,ofadustparticle
dependsonitssize.Wemadeaninitialestimateofthe sizeofdustparticlesinHR4796A
bytakingtheratioofthe10and18 µmfluxesinthelobes(aftercorrectingforthe
differentPSFsatthetwodifferentwavelengths)andc omparingitwiththatexpected
fromMiesilicatespheresofdifferentsizes,whichha vedifferentemissionefficiencies
andconsequentlydifferenttemperatures.Theformalvalue ofthisinitiallyestimated
diameterwas2.5 µm.(Miesilicategrainsofthisdiameterhaveinfrared emission
efficienciesvaryingapproximatelyas λ-1.9.)Thisinitialestimatewasthenusedtodothe
modelingdescribedin§4,whichwasrepeatedusing2and3 µm-diameterparticles.In
Figure8aweshowtheresultantscanalongthemajoraxi softhe18 µmimagefrom
whichthestellarphotosphericemission(usingthenominal PSF;seeAppendix)hasbeen
subtracted.Themodelprovidesagoodfittothe18 µmlobestructureforarangeof
assumeddustsizes.However,Figure8bshowshowthe10 µmbrightnessconstrainsthe
diameterto2.5 µm,consistentwithouroriginalestimate.Weconcludet hat,underthe
assumptionthattheparticlesweseeinthelobesare astronomicalsilicateMiespheres,2-
3 µm-diametergrainsprovideareasonablefittothelobem id-infraredcolors.Ofcourse,
basedonstudiesofinterplanetarydustparticlesinours olarsystem(e.g.,Gustafson
1994),itisevidentthatthedustparticlesinHR4796A’sdisk areunlikelytobesimple
spheres,theimplicationsofwhichweareintheprocess ofconsidering.
6.2ParticleEvolution
Wecanconsidertheeffectsofthestellarradiation on2.5 µm-sizegrainsby
estimatingthevalueoftheparameter β,theratiooftheradiationpressureforcetothe
gravitationalforceonaparticle.AssummarizedinArt ymowicz(1988)andelsewhere,
β ∝〈 Qpr〉(L ∗/M∗)/Rρ,whereRistheparticleradius, ρ isitsdensity, 〈 Qpr〉istheradiation
pressureefficiencyaveragedacrossthestellarspectral energydistribution,andL ∗/M∗ is
theratioofthestellarluminosityandmass.W2000have computedthevalueof βfor2.5
µm-diametersilicatespheresnearHR4796A;theyassumedL ∗ =21L

,M ∗ =2.5M

,
and ρ =2.5gcm -3,andtheycompute 〈 Qpr〉usingastellarspectralenergydistributionfor
theA0VstarVega(M.Cohen,privatecommunication).T heyderivethevalue β=1.7
forthegrainsthatcharacterizethemid-infrared −emittingparticlesinHR4796A’sdisk.If
onetakesintoaccountthedifferencesinspectraltype andassumedgraindensity,this
valueagreesreasonablywellwiththeonethatcanbede rivedfromtheresultsin
Artymowicz(1988,seehisFigure1),whocomputed βforthestar βPicandforavariety
ofgrainmaterialsincludingtheastronomicalsilicates ofDraine&Lee(1984).Dust
grainsthatarecreatedincollisions,andforwhich βisgreaterthan ∼0 .5,havehyperbolic
orbits;theyareblownbeyond ∼100AUandoutofthesystemonessentiallyfree-fall time
scales,ontheorderofafewhundredyears.Thus,the 2-3 µmgrainsweseeorbitingHR
4796Aarenotprimordial;oneexpectsveryfewofthemin thisdisk(seealsoJuraetal.
1995).ThedetailedanalysisbyW2000(seealsoArtymowicz1997)i mpliesthatthe
collisionallifetimeofthedustinHR4796Aisroughly10 4 yracrossthedisk.Themid-
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infrared−emittingparticlesareprobablyrelativelyrecentfragm entsofcollisionsthat
dominateboththecreationanddestructionofdustthere.
7.  SUMMARYANDCONCLUSIONS
1.Ournew10and18 µmimagesofthecircumstellardiskaroundtheA0Vega-typ estar
HR4796Aimagesshowextended,wellresolvedemissionat10 µminadditiontothe
previouslydiscovered18 µmemission(J98;K98).Theresolutionofbothimagesis close
totheKeckdiffractionlimit.Thesizeofthe10.8 µm-emittingregioniscomparableto
thatat18 µm,implyingthatmostofthe10 µm-emittingparticlesaremixedwith,or
identicalto,thoseemittingat18 µm.
2.Modelingofthediskbrightnessdistribution(W2000)impli esthatapronounced
maximuminthesurfacedensityoccursatapproximately70AUf romthestar.Thisvalue
equalsthemeanannularradiusdeducedbySchneideretal.(1999) fromtheir
HST/NICMOSimages.Thebest-fitmodelsurfacedensitye xteriorto70AUfallssteeply
withdistanceasr -3.Interiorto70AU,thedensitydropssteeplybyafactor oftwo
between70and60AU,fallingtozeroby45AU,whichcorresponds totheedgeofthe
previouslydiscoveredcentralhole;inthecontextoft hedynamicalmodels,this“soft”
edgeforthecentralholeresultsfromthefactthat thedustparticleorbitsarenon-circular.
3.Basedontheimages,theopticaldepthinthecentra lclearingzone,orhole,is ∼3%,or
less,thatinthemainpartofthedisk.Thus,thehole isindeedrelativelyempty.
4.Wepresenttentativeevidence(1.8 σ)thatthe18 µmlobesareofunequalbrightness.
Detailedmodelingofthe18 µmbrightnessdistributionbasedondynamical
considerationsandpresentedinacompanionpaper(W2000)indica testhatsucha
brightnessasymmetrycouldresultfromgravitationalper turbationofthediskparticle
orbitsbythelow-massstellarcompanionoraplanet.Th eperturbationshiftsthedisk
centerofsymmetryawayfromthecompanion’spericent er;tofirstorder,thisshift
correspondstoaspatialshiftofthecenterofthecirc ularlysymmetricdisk.Thisshift
bringstheinsideedgeoftheannulusclosertoHR4796A,which makesthatedgewarmer
andmoreinfrared-emitting(“pericenterglow”)thantheot hersideoftheannulus.This
measurablebrightnessasymmetrycorrespondstoaspatials hiftofthediskofonlyafew
AU,andsothedetectionofevenfairlycomplexdynamical effectsofplanetsondisks
appearstobewithinreach.Therecent1.1 µmNICMOSimage(Schneideretal.1999)
mayshowevidenceinsupportofthepericenterglow.
5.Wecompareour10and18 µmimageswithrecentNICMOSimagesofHR4796Aat
1.1and1.6 µmthatshowwhatappearstobearelativelynarrowri ng,orannulus,inclined
tothelineofsightandwithameanradiusof70AUanda nannularwidthof ∼17AU.
Theoverallcoincidenceofthenear-infraredandmid-infr aredstructureisexcellent.
However,evenafteraccountingfordifferencesinangu larresolution,wefindthatthe18
µmdistributionexpectedfromtheNICMOS-basedmodeldif ferssomewhatfromthe
12
observeddistribution.Thesedifferencessuggestthatt heannulushasa“soft”inneredge,
whichmaycorrespondtothedensityfalloffexpectedfrom considerationsofparticle
dynamics.
6.Usingthe10and18 µmimages,weestimatethatthemid-infrared-emittingdust
particlesinthemainpartofthediskhaveacharacte risticdiameterof ∼2 -3 µm.This
estimateisbasedontheassumptionthattheparticles areMiespherescomposedof
astronomicalsilicates.Thecorrespondingvalueofthe parameter β,theratioofthe
radiation-pressureforcetogravitationalforceonthe particle,is1.7.Particleswith β >0.5
areexpectedtobequicklyblownoutofthesystem.Weco ncludethatthemid-
infrared−emittingparticlesintheHR4796Adiskarenotprimordia l,butrathertheyare
relativelyrecentandtransientcollisionfragments.
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APPENDIX
Wepointedoutin§3thatsomeoftheinnertenuousemiss ion(within0.5”ofthestar)
apparentinthestar-subtracted18 µmimageofHR4796A(Figure4b)andasresidual
emissioninFigure4dmaybeanartifactresultingfromt heuseofanunsuitablePSF.This
mismatchcouldoccuriftherearelow-frequencyseeingco mponentssampledduringthe
∼1hofchoppedintegrationtimeonHR4796A(Table1)thatare notsampledduringthe
muchshorter( ∼1m)integrationtimeonthenearbystarusedtodeterm inethePSF.
(Giventhelimitedamountofavailableobservingtime,it isunrealistictoobservethePSF
starforthesameamountoftimethatweobservethe programobjects.)Herewebriefly
examinethisissue.
Figure9apresentsthestar-subtracted18 µmimagepresentedpreviouslyin§3
(Figure4b).Thatimageresultedfromthesubtraction ofHR4796A’sdirectstarlight
(photosphericemission)usingtheobservedstellarPSF(r eferredtoasthenominalPSF)
andassumingthatthestellarpeakiscoincidentwiththe locationofmaximum18 µm
brightness(filledcircle,Figure1).Figure9bshowsthe resultofinsteadsubtractinga
somewhatbroaderPSFobtainedbyconvolvingthenominalPSF withagaussianprofile
withaFWHMof0.35”.Thismightrepresentsomeadditiona lseeingthatcouldhave
affectedtheimageofHR4796AbutnottheobservedPSFst arimage.InFigures9cand
9d,werepeatthisexercisebutwiththestarassumedtob eatthecentroidofthehighest
centralcontourindicatedinFigure1b,i.e.,at0.1”WN WofthefilledcircleinFigure1b.
Theintentofthisexerciseistoillustratethesen sitivityoftheresidualinnerstructureto
theassumedstellarlocation.
Weseethateventhismodestamountofextra“seeing”re sultsinastar-subtracted
imageofHR4796Athatisnoticeablylessstructuredatth ediskcenter.Thiscomparison
isalsoshowninthescansinFigure7.Likewise,slig hterrorsinpositioningthestarresult
insomedifferencesintheinferredinner-diskstructure. However,althoughtheemission
structuredifferssomewhat,theintegratedresidualfluxi svirtuallyunchanged,sincethe
stellarfluxisthesameinbothcases.Aswehaven oted,thelightcirrusevident
throughoutmuchofourKeckrunmayhaveresultedinpoorphoto metricconditions,but
wedonotthinkthisisthesourceoftheresiduals:thepho tometryisgenerallyconsistent
towithin ∼20%,andevenanerrorthislargeinthePSFfluxnor malizationwouldonly
marginallyeffecttheresidual.
Weconcludethatthedetailedstructureoftheinnerdisk (within0.5”ofthestar),as
inferredfromthestar-subtractedimageortheresultant imageoftheresidualemission
(e.g.,Figure4d),mustbeviewedwithcaution.However,th eintegratedresidualfluxis
morerobustandmaybereal.Ifso,itmaycorrespondt olow-leveldustemissionfrom
withinthecentralclearing.
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FIGURECAPTIONS
Figure1. ImagesofHR4796AmadewithOSCIR.Northisup,andeasti stotheleft.
Theimagesfromwhichthetwocontourplotswereconst ructedweresmoothed
witha3-pixel(FWHM),or0.19arcsec,gaussian.Forboth contourplots,the
lowestcontourlevelisaboutfourtimesthesmoothedn oise. (a) 10.8 µmimage
withcontours(mJyperarcsec 2)spacedlogarithmicallyat6.4,9.9,15,23,36,
55,85,132,203,and312.Thefilledcircleisthelocationof thepeak
brightness,withthevalue480mJyperarcsec 2.Thecrossesindicatethe
positionsofthe18.2 µmlobes; (b) 18.2 µmimagewithcontours(mJyper
arcsec2)spacedlinearlyat58,93,128,163,198,234,269,304,339,and374.
Thefilledcircleindicatesthepresumedpositionofthe star,wherethe
brightnessis362mJyperarcsec 2;(c) Unsmoothedversion,withlinear
brightnesslevels,ofthe18.2 µmimage.
Figure2. Plotsofthepointspreadfunctions(PSFs)at10.8and18.2 µmbasedon
observationsofcomparisonstars.Northisup,andeast istotheleft.Allplots
arenormalizedtoamaximumvalueof100unitslocatedatthe filledcircle. (a)
Linear10.8 µmlevels:1,12,23,34,45,56,67,78,and89; (b) Logarithmic
10.8 µmlevels:1.3,1.9,2.8,4.2,6.2,9.2,13.7,20.2,29.9,44.3,an d65.5; (c)
Linear18.2 µmlevels:8.0,18.2,28.4,38.6,48.8,59.0,69.2,79.5,and89.7;
(d) Logarithmic18.2 µmlevels:8.0,10.6,13.9,18.4,24.3,32.1,42.3,55.9,
and73.7.
Figure3. Comparisonofminor-axisscansthroughthe18.2 µmlobesandacomparison
star,whichshowsthatthelobesareresolvedalongth eminoraxisofthedisk.
Thenorthwestsideofthescanistotheright(posit iveoffsets).  
Figure4. Comparisonofthe18.2 µmimagesofHR4796Awiththemodelbrightness
distribution.Eastisupandnorthistotheleft.Overl aidcontourlevels(mJyper
arcsec2)arelinearlyspaced. (a) Observedimagesmoothedwith3-pixel
gaussian,withcontourlevelssameasinFig.1b; (b) Observedimageafter
subtractionofstellarphotosphericemission.Contourl evels:58,93,128,163,
198,234,269,304,339,and374; (c) Modelbrightnessdistribution; (d)
Residualemission,correspondingtothedifferencebetw eenthestar-subtracted
andmodelbrightnessdistributions.Contourlevels:20,40, and60.
Figure5. Plotsofthesurfacenumberdensityofthe2.5 µmdustgrainsinthedisk
derivedfrommodelingthe18 µmbrightnessdistribution.Thesolidcurveis
theazimuthalaverageofthesurfacenumberdensity,the dottedlineandthe
dashedlineindicatethedensitythroughthediskinthedire ctionofandaway
from,respectively,thestellarcompanion’spericenter. Therelative
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displacementofthedottedanddashedlinesindicatesthe scaleofthe
displacementofthediskcenterfromthestar.
Figure6. Overlayof (a) 10.8and (b)18.2 µmcontoursonthe1.1 µmHST/NICMOS
imageofHR4796AdiskfromSchneideretal.(1999).Theangula rresolutions
(FWHM)oftheimagesare:0.12”at1.1 µm;0.32”at10.8 µm;0.45”at
18.2 µm.Inbothimages,eastisapproximatelydown,andnorth istotheleft
(seeSchneideretal.1999).Inthisorientation,thecompa nionstarHR4796Bis
locatedtotheupperright.
Figure7. Comparisonofmajor-axiscutthroughthelobesofour18 µmstar-subtracted
image(solidcurve)tothat(dottedcurve)expectedfromt hesimplestdisk
modelinferredbySchneideretal.(1999)fromtheirNICMOS image.Theleft
sideofthescanisnortheastofthestar.Themodel diskisathinannuluswitha
meanradiusof70AU,awidthof17AU,auniformdensity, andthe
temperaturefalloffwithradiusdeterminedbyW2000.TheSchnei deretal.
modelhasbeenconvolvedwiththeobserved18 µmPSF.Thedashedcurve
showstheresultofsubtractingfromtheobservations astellarPSFthathasan
additional0.35”seeing,asdiscussedintheAppendix.
Figure8. Comparisonof (a) thestar-subtracted18.2 µmand (b) 10.8 µmscans,
indicatedassolidlines,alongthediskmajoraxisofthe HR4796Adisk.The
leftsideofeachscanisnortheastofthestar.In the18 µmscan,thefeatures
within ∼0.3”ofthestellarpositionareprobablyartifactsres ultingfrom
imperfectPSFsubtraction.Onlythelobesofthe10 µmscanareshown(see
text).The18 µmbrightnessdistributionhasbeenmodeled,asdescrib edinthe
text,usingsphericalMiesilicateparticlesthatare 2,2.5,and3 µmindiameter.
Thecorrespondingscanofthe10.8 µmfluxdistributionexpectedfromadisk
composedofeachoftheseparticlesindicatesthatthe 10.8 µmbrightnessinthe
lobesisbestfitby2.5 µm-diameterparticles.Thus,inthecontextofMie
theory,thegrainsareconstrainedtobeafewmicrons indiameter.
Figure9. Comparisonofthe18 µmdiskemissionresultingfromthesubtractionfromt he
observedimage(Figure1b)ofamodestrangeofstellarpoi ntspreadfunctions
normalizedtotheexpectedfluxofthestarHR4796A.Nort hisup,andeastis
totheleft.AsdiscussedintheAppendix,theintento fthisexerciseisto
illustratetheeffectontheinferredinnerdiskstructure oftheuseofan
inaccurate,orslightlymis-positioned,PSF. (a)NominalobservedPSF
(FWHM=0.45”)subtractedatbrightestspot(filledcircle inFigure1b); (b)
Seeing-convolvedPSF(seeingFWHM=0.35”)subtractedatbrig htestspot;
(c) NominalobservedPSFsubtractedatcentroidofhighest centralcontour; (d)
Seeing-convolvedPSFsubtractedatcentroidofhighestcen tralcontour.
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Table1:OSCIRObservationsofHR4796A
Filters N IHW18
λo(µm) 10.8 18.2
∆λ(µm) 5.3 1.7
Int.Time(s) a 2784 3480
TotalF ν(Jy)b 0.188 ±0.047 0.905 ±0.130
1σNoise/Pixel(mJy) 0.014 0.15
StellarF ν(Jy)c 0.150 0.048
αScoF ν(Jy) --- 817
γ AqlF ν(Jy) --- 26
δVirF ν(Jy) 142 ---
a
 Integrationtimescorrespondtobothhalvesofthecho ppercycle.Theyarethesumof
thetimesforwhichthesourceitselfandthereference skypositionwereprojectedonto
thedetector.
b
 Theuncertaintiesforthe10.8and18.2 µmfluxdensities,whicharebasedonthe
reproducibilityofstandard-starfluxes,areprincipallydue tothepresenceoflightcirrus
clouds.Thisproblemwasmoresevereforthe10.8 µmthanforthe18.2 µmimage.
c
 The10.8 µmphotosphericfluxdensitywasderivedbyJuraetal.(1998) by
extrapolatingtheK-band(2.2 µm)fluxdensityto10.8 µmusingtheKurucz(1979)
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